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PART D — FLOW CONTROL SYSTEM

The design of the site's flow control system was completed using the Western Washington Hydrology
Model (2012WWHM). The site was modeled as a single basin and was designed to match the
developed discharge durations of the site to the predeveloped discharge durations of the site for 50%
of the two year storm to the 50 year storm. The predeveloped condition was taken to be a forested
site.

As the site contains various constraints to the storm system such as low vertical drop across the site
and a relatively high storm system within 116th street to which the system would connect it was
determined that a traditional detention system would be neither practical nor cost effective for the
developed site. With the variety of site constraints compounding in effect the available vertical drop
within the proposed system that could be used in a traditional detention system was found to be
roughly 4 feet. Under code regulations that dictate a minimum detention vault depth of 7 feet a
traditional detention vault would produce an appreciable amount of dead storage that would not be
available for mitigating the proposed development.

Outside of traditional gravity drained detention systems the options for flow control become sparse.
An investigation into the possibility of using storm pumps was done however, the difficulty of using
storm pumps to match the proposed discharge durations to a forested conditions discharge durations
can be all but prohibitive and as was deemed as a last option for the site’s flow control system.

Based on these two investigations a third, hybrid, approach was developed. By combining both a
gravity fed system and a stormwater pump the proposed design is able to take advantage of the depth
allowed by a pumped system with the duration matching ability of a gravity drained system. The
hybridized system is a detention vault that is effectively broken into two different zones, one zone
drained by the storm pump and the other drained by a gravity outlet (See Figure 4-1 below).

[

GRAVITY EFFLUENT ZONE —"| z
PUMPED EFFLUENT ZONE—\—\'— —_—_————— — — —

\OUTLET CONTROL
— CONSTANT FLOW

DUPLEX PUMP

Figure 4-1: Detention Exhibit

The function of each zone is aimed at serving different storm events.
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Pump Effluent Zone

As the pumped zone is lower than the gravity zone the pump is designed mainly to meet the smaller
storm events. The pump was thus sized to discharge at a constant rate below the 50% of the two year
peak flow rate. This zone functions in small storm events as a constant release at less than 50% of the
two year and in larger storm events as a bleeder for the system discharging at the same low flow as
before.

Gravity Effluent Zone

As the gravity zone is above the pumped zone it is designed mainly to serve the larger storm events.
The gravity system was designed in concert with the pumped zone to provide discharge duration
matching for the larger storms up to the 50 year storm. Functioning with a riser and several orifices at
various elevations the gravity outlet was able to be designed to mirror the discharge characteristics of
the forested site. This zone is not used in small storm events however is used to control flows in larger
storm events with the assistance of the low flowrate benefit provided by the stormwater pump. A
discovered advantage to this hybrid system is that in the event of a loss of power of pump malfunction
the gravity outlet serves not just as an emergency overflow for the system but does so in a controlled
manner.

As you can see above the combination of these two systems principals in this hybridized
system not only meets the intent of the code but also provides a number of benefits to both
the site and the City’s system. Included below is a summary of the calculations used to size
the system. As well as analysis output verifying the designs conformance with the 2009 King
County Stormwater Management Manual (2009 KCSWMM) and the City of Kirkland
Amendments.

Figure 4-2: WWHM Layout - Predeveloped

Basin A
% 4.34ac
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Figure 4-3: WWHM Input - Existing Basin A

)

viaoq I

B3+ Basin & Predeveloped

Subbasin Name:|Basin &

|

Surface

Interflow Groundwater

&

Flows To: |

| | | |

Area in Basin

Available Pervious Acres

[V Show Only Selected

Available Impervious Acres

v C.Forest, Flat

v ROADS/FLAT

| [4.38

| |0

[¢ T, Lawn, Flat | 6 [v ROOF TOPS/FLAT | o
[v GIDEWALKS/FLAT | o
PerviousTotal Acres
Impervious Total D Acres
Basin Total Acres
Deselect Zero I Select By:l GO I
Figure 4-4: WWHM Layout - Mitigated
Detention
Figure 4-5: WWHM Input - Basin 1
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Figure 4-6: WWHM Input - Detention

. Detention Mitigated

Facility Name: |Detention

Flows To : |

||

|~ Precipitation Applied
[~ Ewvaporation Applied
[~ Manual Infiltration
Load File:
I~ Stage Computed

Browse |

l ||

Facility Type|S5D TABLE

Stage (ft)

Area
{acres)

Storage

{acre-ft)

Manual

Not Used

Mot Used

Mot Used

Mot Used

0.000000
0.250000
0500000
0.750000
1.000000
1.250000
1.,500000
1.750000
2.000000
2.250000
2500000

2.750000

0.146300
0.146900
0.146900
0.146900
0.146500
0.146900
0.1465800
0.146900
0.146300
0.146900
0.146900
0.146900

0.000000
0.036700
0.073500
0.110200
0.146500
0.183700
0.220400
0.257100
0.293800
0.330600
0.367300
0.404000

Tide Gate |Time Sgries] Demand]
Determine OutletWith Tide Gate

0.000000
0.062200
0.062200
0.062200
0.062200
0.062200
0.062200
0.062200
0.062200
0.062200
0.062200
0.062200

™ Use Tide Gate
Tide Gate Elevation (ft)

Overflow Elevation (ft)

Intitial Stage (ft)

[0 Downstream Connection |

—
remm—

lterations

Item

Invert
(ft)

Diameter

(in)

Orifice 1

6.00

1.25

Orifice 2

7.00

1.25

Orifice 3

8.00

1.00

Notch

9.00

Rim

10.00

24.00

Note:

The two year peak flow rate for the predeveloped site was found to be 0.1276 cfs (as seen in
Figure 4-8). The stage storage discharge table above was constructed with the pump flow of
0.0622 (approximately 50% of the two year predeveloped peak flow rate) and the outlet

control structure shown above.
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Figure 4-7: WWHM Output - POC 1 Duration Analysis

AnaIysis \E
. 501 POC 1 Predeveloped The Facility PASSED =
0.31 I5= 801 POC 1 Mitigated flow
~ & “AAQZ% Flow(cfs) Predev Mit Percentage Pass/Fail
1] %AN 0.0638 18052 5480 30 Pass
g U 0.0663 16328 5253 32 Pass
~ \A 0.0688 15334 5097 33 Pass
AX‘ 0.0713 13982 4851 34 Pass £
; 0.19 0.0738 13167 4729 35 Pass
0 0.0764 11950 4558 38 Pass
5] 0.0789 11203 4447 39 Pass
IL 013 0.0814 10220 4265 41 Pass
i 0.0839 9631 4105 42 Pass
0.0864 8827 3728 42 Pass
0.0889 8372 3538 42 Pass i
0.06 - 0.0914 7683 3317 43 Pass
10E-5 10E-4 10E-3 10E-2 10E-1 1 10 100 0.0939 2240 3144 43 ey
Percent Time Exceseding 0.0964 6665 2911 43 Pass
0.0990 6310 2710 42 Pass
Stream Protection Duration I LID Duration Flow Frequency I Water Quality | Hydrograph [ De1uLs el 232 L Dass
‘Wetland Input Volumes | LID Report I Recharge Duration ] Recharge Predeveloped ] Recharge Mitigated I gy 3290 2l a8 es
0.1065 5165 2074 40 Pass
Analyze datasets Compact WDM 0.1090 4808 2003 41 Pass
501 POC 1 Predeveloped flow 002115 2581 1947 42 Pass
801 POC 1 Mitigated flow 0.1140 4254 1873 44 Pass
0.1165 4060 1820 44 Pass
0.1190 3784 1756 46 Pass
0.1216 3589 1714 47 Pass
0.1241 3341 1644 49 Pass
0.1266 3178 1597 50 Pass
0.1291 2954 1528 51 Pass
AIIDatasetsI Flow J Stage J Precip J Evap  POC1 0.1316 2823 1442 51 Pass
0.1341 2603 1341 51 Pass
fleadbene el 0.1366 2479 1277 51 Pass
( Log Pearson Type lll 178 0.1391 2312 1168 50 Pass
" Weibul 0.1416 2188 1101 50 Pass
o Cunnane 0.1442 2033 1008 49 Pass
" Gringorten 0.1467 1935 958 49 Pass =
-4 ‘ e n -_[__ e 2 c
Figure 4-8: WWHM Output - POC 1 Flow Frequency Analysis
-Analysis @I
EJ Flow Freguency -
10 1 10 Flow(cfs) Predeveloped Mitigated
2 Year = 0.1276 0.0729
5 Year = 0.2004 0.1053
+ + 10 Year = 0.2417 0.1319
T x 25 Year = 0.2854 0.1719
+++++ 50 Year = 0.3124 0.2070
- W % XK
(%) xX X 100 Year = 0.3354 0.2470
ke M 0%
% e o s + 501 Annual Peaks
i I R s 2 S —_ 1949 0.1253 0.0622 =
+++ x 301 0.1563 0.0622
+ 0.2810 0.1590
0.0885 0.0622
+ 0.0716 0.0622
0.1100 0.0622
001 a0 0.1754 0.0622
051 2 5 10 20 30 50 70 80 90 95 98 99995100 0.1395 0.0622
0.1126 0.0622
Stieam Protection Duration | LID Duration Flow Frequency I Water Quality | Hydrograph [ ;1269 U622 9
Wetland Input Yolumes ] LID Report I Recharge Duration | Recharge Predeveloped J Recharge Mitigated ] gig:z 3:;:3
Analyze datasets Compact WDM 0.1072 0.0622
501 POC 1 Predeveloped flow 0.0667 0.0622
801 FOC 1 Mitigated flow 0.0916 0.0622
0.1205 0.0622
0.0863 0.0734
0.0830 0.0622
0.1735 0.0622
0.1082 0.0622
0.1059 0.0622
AIIDatasetsI Flow IStage IPrecip |Evap POC1 ,_‘ 0.0873 0.0622
S 0.0934 0.0622
Flood Frequency Method 0.2092 0.1636
o LogPearsonTypellI‘l?B 0.0950 0.0622
£ el 0.1032 0.0622
¢ Cunnane 0.1398 0.0622
£ Gringoiten 0.1011 0.0622 i
m e T »
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